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Introduction 

Data-l6gging refers to a technique that uses electronic-based devices to collect, 
record, store and process physical measurements over time. In line with the 
launch of IT Master plan in 1997 by MOE, all schools and junior colleges in 
Singapore have recently been equipped with the hardware and software tools for 
data-logging. Schools have been given curriculum materials such as Teacher's 
Laboratory Manuals and student worksheets on data-logging activities for the 
various science subjects. To encourage the use of computer technology for data 
acquisition and analysis in teaching, science teachers have been invited to attend 
training workshops on the basic skills and knowledge of conducting data-logging 
experiments. Furthermore, the use of data-logging experiments in teaching cer- 
tain topics has been stipulated by MOE in the current Science Syllabuses. 

Despite all the support given to date, data-logging remains under-used in the 
classroom and has not yet been adequately integrated into the science curriculum 
in many schools. The reasons for this slow progress are many and may vary from 
school to school. However, keys obstacles to progress are possibly the teachers' 
relative lack of competence in using the equipment, lack of technical support 
within the schools and limited understanding of how data-logging can benefit the 
teaching and learning of science. 

This article aims to highlight some of the benefits of data-logging in practical 
science as identified by recent research studies. The implications for teachers 
using the data-logging approach will also be discussed. 

What is Data-Logging ? 

In practical science, data-logging is about collecting and processing numerical 
data using electronic-based devices. This involves three basic devices: 
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The sensor. 

Sensors detect changes in the physical properties of the environment or the exper- 
imental settings. For example, a temperature sensor detects temperature changes, 
while a light sensor detects changes in light intensity and a heart rate sensor mea- 
sures pulse rate. Sensor readings are converted into voltage signals that are rec- 
ognized by the computer interface. 

The data-logger or computer interface. 

The computer interface consists of a microprocessor and a storage unit. The inter- 
face takes readings from the sensors and can be programmed to record data in 
various modes such as automatic or remote logging. The readings may be tem- 
porarily stored in the interface and later transferred to the computer for process- 
ing. Alternatively, the readings may be transferred to the computer for on-line 
display while they are being collected. 

The computer with appropriate software. 

Appropriate software, which can interpret the signals from the interface, has to be 
installed in the computer. This manages the storage, display, processing and analy- 
sis of data. The data can be displayed in a suitable format such as table or graph on 
the screen and/or printed on paper by a printer connected to the computer. 

The diagram below illustrates the set-up of a data-logging system: 

d 
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How is Data-Logging Different from Conventional 
Approaches to Practical Science? 

The differences between data-logging and conventional approaches to practi- 
cal science activities can be illustrated by laboratory work that investigate the 
cooling of water. In the conventional approach to this experiment, students 
use a thermometer to record the temperature of a fixed volume of water at reg- 
ular intervals. They read temperatures from the thermometer and record the 
readings until sufficient data are collected over a fixed period of time. The data 
collected are then organized in an appropriate format for interpretation. 
Students often do this by plotting graphs manually after the experiment. 
To complete the investigation, students interpret the graphs and formulate a 
conclusion. 

In the data-logging approach, the temperature of the water is measured and 
recorded automatically by a temperature sensor connected to a data logger. The 
readings can be displayed instantaneously if the data logger is linked to a 
computer. In other words, the students can see directly from the computer screen 
the plotting of the experimental data as a graph while the readings are being 
captured. Thus, they are freed from the tediousness of collecting, recording and 
plotting data manually; the argument being they can more beneficially use their 
time for interpreting the data. 

The technical features of the data-logging approach to science practical can be 
summarized as follows: 

Experimental readings are collected and recorded automatically by appropri- 
ate sensor@). The sampling rate of the sensors can be calibrated to allow read- 
ings to be taken at very short (e.g. one or two seconds) or very long (e.g. one 
or two hours) intervals. The readings taken are more accurate as automatic 
collection of data eliminates the human factor of inconsistency and error 
that may occur in the manual handling of equipment and reading of 
measurements. 
In on-line data-logging, data can be displayed in various formats such as tables 
or graphs while it is being collected. 
Data processing is speedily handled by data-logging software. Calculation 
and analysis of large quantities of data can be performed speedily and accu- 
rately using the various statistical functions and special features 
provided by the software. 
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Review 

What are the Benefits of Using 
Data-Logging Approaches to Practical Science? 

A positive effect of data-logging on practical science as identified by Rogers and 
Wild (1994) was that students using data-logging spent more time discussing and 
evaluating their results compared with students using conventional measuring 
methods. In a conventional practical, students spend the bulk of their lesson 
time setting up equipment, recording data, processing data and plotting graphs. 
While these activities have their place in practical science, processes such as the 

interpretation and evaluation of collected data, discovery of patterns and trends 

in data are essential for the development of scientific investigation skills. Data- 

logging frees valuable time for students to evaluate their data and to try new 
investigations based on their findings. 

A further study by Rogers and Wild (1996) supported their earlier finding that 
the pattern of student activity in practical science shifted the emphasis from 

preparing, measuring and reporting to observing and discussing, when data- 
logging was used. However, their later study also showed a greater time spent 

off-task for the groups of students using data-logging. This suggests that the time 

saved from not having to collect data and plot graphs manually may not always 

be used productively. It is therefore up to the teacher to find ways to engage the 
students once they go off-task. 

The risk of students being disengaged with their experiment was also reported 
by Newton (1997). His observations of novice students using data-logging <eveal 

that students can passively watch the logging of data and the graph display on the 
computer screen without engaging in activity related either to the graph or data. 

He found that while some students were able to describe patterns of the real-time 

graphs, they had difficulties in identifying important features of their own graph 
and relating them to their experiments. 

However, a more in-depth look at the transcripts of talk during the data- 

logging task indicated that the quality of the students' talk about the data improved 
with discussion with the teacher. A similar finding had also been highlighted by 
Barton(1997). By skillful questioning, the teacher had helped the students to use 
scientifically acceptable terms in verbal descriptions of graphs and to think more 
critically about their data. Thus the role of teacher intervention is critical in medi- 
ating students' interpretation of real-time graphs and exploration of data during 
data-logging tasks. 
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Discussion 

Data collection and real-time graph display using data-loggers can be regarded as 
a starting point for exploring and thinking about the data. This is in contrast with 
the tendency of a conventional practical to regard the graph as the end product of 
an investigation. Rogers (1997) presented examples of investigative experiments 
which exploit the data-logging software for scientific enquiry. The software pro- 
vides opportunities for working interactively with the data and immediate feed- 
back of results as an investigation progresses. The calculating and analyzing func- 
tions of the software are able to display readings of maximum, minimum and 
mean values as well as gradients for rate of change in a variable. Thus students 
can readily manipulate their data to probe and test a hypothesis. 

S! 

The use of data-logging in promoting scientific investigation skills had also 
been suggested by Barton (1993). Because of the relative ease with which experi- 
mental data is captured and analyzed with data-loggers, students can manipulate 
the parameters of experiments, set new hypotheses and re-run their experiments 
to test their hypotheses. These processes facilitate an investigative approach to 
practical work and foster scientific inquiry. 
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Conclusion 

Research studies have shown that data-logging can extend the way students 
approach their experimental investigation and enable greater learning depth 

from practical science. As Rogers (1997) puts it, "The chief value of data-logging 
to practical science resides not in the process of automated data-gathering but in 
the processes of analyzing and interpreting the data". Effective use of data-log- 
ging will promote students' acquisition of scientific inquiry skills which is one of 
the key objective of the school science curriculum. 
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